Kidney transplantation from deceased or living human donors has been limited by 23 donor availability as opposed to the increasing demand, and by the risk of allograft loss 24 rejection and immunosuppressive therapy toxicity. In recent years, xenotransplantation 25 of developed kidney precursor cells has offered a novel solution for the unlimited 26 supply of human donor organs. Specifically, transplantation of kidney precursors in 27 adult hosts showed that intact embryonic kidneys underwent maturation, exhibiting 28 functional properties, and averted humoural rejection post-transplantation from non-29 immunosuppressed hosts. Even if supply and demand could be balanced using 30 xenotransplants or lab-grown organs from regenerative medicine, the future of these 31 treatments would still be compromised by the ability to physically distribute the organs 32 to patients in need and to produce these products in a way that allows adequate 33 inventory control and quality assurance. Kidney precursors originating from fifteen-day 34 old rabbit embryos were vitrified using Cryotop® as a device and VM3 as vitrification 35 solution. After three months of storage in liquid nitrogen, 18 kidney precursors were 36 transplanted into non-immunosuppressed adult hosts by laparoscopy surgery. Twenty-37 one days after allotransplantation, 9 new kidneys were recovered. All the new kidneys 38 recovered exhibited significant growth and mature glomeruli. Having achieved these 39 encouraging results, we report, for the first time, that it is possible to create a long-term 40 biobank of kidney precursors as an unlimited source of organs for transplantation, 41 facilitating the inventory control and distribution of organs. Kidney transplantation from deceased or living human donors has been limited by 48 donor availability as opposed to the increasing demand, and by the risks of allograft loss 49 rejection and immunosuppressive therapy toxicity [4]. In recent years, 50 xenotransplantation of developed kidney precursor cells has provided a novel solution 51
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Metanephroi recovery 99
Donor does were artificially inseminated with 0.5 mL of fresh heterospermic pool 100 semen from fertile males at a rate of 40x10 6 spermatozoa/mL in Tris-citric-glucose 101 extender [25] . Immediately after insemination, ovulation was induced by an 102 intramuscular injection of 1 µg buserelin acetate and the females were euthanised at day 103 15 post-insemination. Recovered 15 day old embryos (E15) were placed in Dulbecco's 104 phosphate-buffered saline (DPBS) supplemented with 0.2% of bovine serum albumin 105 (BSA) at 38.5ºC. Metanephroi were surgically dissected under a dissecting microscope 106 using previously described techniques [19] . Some of the recovered embryos were 107 placed in Bouin's solution to fix. They were then dehydrated through ethanol series, 108 cleaned with xylol and embedded in paraffin. Next, 5-7µm sections were cut for 109 hematoxylin-eosin staining and the slides were studied by light microscopy in order to 110 identify the position and the size of the metanephroi (Figure 1 were measured (area and perimeter) in each of the groups -control and experimental.
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Photomicrographs were taken at total magnification of X1000. In addition, the 171 glomerular tuft cellularity was estimated by counting the total number of nuclei of each 172 glomerulus. Photomicrographs were measured using ImageJ analysis software (public 173 domain http://rsb.info.nih.gov/ij/). Kidneys originating from a 5-week-old rabbit 174 (coeval with the metanephroi age) were used as controls. 175
176
Statistics 177
The development rates after transplantation were analysed using the chi-square test. The 178 weights of kidney precursors, renal corpuscle and glomeruli measured (area and 179 perimeter) and the glomerular tuft cellularity were compared by analysis of variance 180 ANOVA with sample type (fresh and vitrified) as a fixed factor and replicate as random 181 factor. The replicate was non-significant and was removed from the model. Significance 182 was attributed to analyses where P is less than 0.05. All statistical analyses were 183 This is the first study reporting that metanephroi survived vitrification, underwent 214 differentiation and growth, became vascularised by blood vessels of host origin and 215 developed morphologically normal glomeruli. Only one previous study had examined 216 metanephroi cryopreservation, suggesting that vitrification yielded more promising 217 results, consistent with our findings [2] . Vitrification, in which the liquids in a living 218 system are converted into the glassy state at low temperatures, provides a potential 219 alternative to freezing that can in principle avoid ice formation altogether [6] . 220
Specifically, tissues and organs are severely damaged by extracellular ice [24] . The 221 differences in methodology and evaluation methods (e.g. in vitro and in vivo) between 222
Bottomley et al. [2] and our study make it difficult to compare. Briefly, Bottomley et al. 223
[2] studied the effect of different cryopreservation procedures (slow freezing vs 224 vitrification) directly on the metanephroi, using a vial as container and stored the 225 samples at -135ºC for 48 hours. 226
227
To date, small ovaries, blood vessels, heart valves, corneas and similar structures are the 228 only macroscopic structures with the capacity to recover, at least in part, after 229 cooling rate (the cooling rate above which ice formation is not observed) is <0.1ºC/min, 237 and whose critical warming rate (the warming rate above which ice formation is not 238 observed) is 3ºC/min. [27] . In addition, as E15 rabbit kidney precursors are < 0.1 mm in 239 size, an adequate diffusion and equilibration of cryoprotective agents within the organ 240 cells is not a serious issue and vitrification should be feasible [2] . Furthermore, the 241 kidney precursor does not require immediate vascular anastomosis upon transplantation, 242 as is the case in a vascularised organ [28] . Vitrified transplanted metanephroi developed 243 a blood supply originating from the host vasculature similar to that of 244 fresh metanephroi. 245
246
Our results on renal corpuscle histomorphometry further support earlier findings 247 demonstrating that transplanted metanephroi have the ability to develop apparently 248 normal glomeruli [3, 5, 17, 19, 29, 30, 31] . In this paper, we provide quantitative 249 morphometric data that support these previous observations, but using vitrified 250 metanephroi stored for 3 months. Although differences were observed in renal 251 corpuscle area and perimeter between vitrified and control group, this can be explained 252 by the fact that the metanephroi were not connected to the host's urinary system. Under Having achieved these encouraging results, we suggests for the first time that it may be 266 possible to create a long-term biobank of kidney precursors as an unlimited source of 267 organs for transplantation, facilitating most of the problems of matching organs to 268 recipients to reduce rejection, transporting the organs to where they need to go, and 269 scheduling surgery at a time and a place that is best for both the patient and the 270 transplant surgeon. 271 
